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The normal incidence optical reflection spectra have been 
measured in the region 4-11.5 eV for CdC12 and CdBr2 single 
crystals. Exciton bands with doublet structures modified 
by a strong crystal field have been observed around the op-
tical gap. In CdBr2 , four characteristic sharp lines have 
been observed in the intrinsic region about 3 eV above the 
optical gap. The low lying spectral structures are inter-
preted in terms of a halogen ion excitation moq.el. The 
crystal-field splitting energies of the p electrons of hal-
ogen ions are also estimated. 
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The normal incidence optical reflection spectra were obtained for 
cleaved surfaces (c-planes) of CdC12 and CdBr2 single crystals in the 
region 4-11.5 eVe The measurements were carried out at liquid helium 
and room temperatures with the use of a Seya-Namioka monochromator by 
means of a double beam method. The singl~ crystals were grown from 
the melt by the Stockbarger technique. 
In Fig. I are shown the relative reflectivity spectra of CdCl2 and 
CdBr2 measured at liquid helium temperature. They show fairly well 
resolved structures in comparison wit h those observed in evaporated 
film~.l) A halogen doublet of an exciton is' observed in CdC12 around 
6.4 eV (Xl; 6.305 eV, X2 ; 6.5 eV), though the high energy component ap-
pears only as a shoulder. The doublet sp11 tting 1s about. 0.2 eV which 
~at1sfies the condition of the minimum splitting energy (0.103 eV) of 
Knox and Inchauspe. 2) The hump at 6.895 eV (Xl~) 1s a possible evi-
dence for the second member of the series associated with the exciton. 
The halogen doublet structure is more prominent in CdBr2 . The low and 
high energy components of the doublet are locate~ at 5.14 eV (Xl) and 
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5.69 eV (X ) respectively, 2 . 
with the splitting energy 
of 0.55 eV comparable with 
the expected minimum spli t-
ting value (0.432 eV). They 
are also followed by the 
second members appearing at 
5.92 eV (X2~) for the high 
energy component and prob-
ably at 5.37 eV (XI~) for 
the low one. The tempera-
ture coefficients of the peak 
energies of the two compo-
nents Xl and X2 are measured 
to be nearly equal (about 
-7 x 10- 4 eV/deg) in favor 
of their identification as 
a spin-orbit pair. The 
structures X appearing as 
a small peak at 4.925 eV for 
CdBr 2 and a shoulder at 5.94 
eV for CdC12 hci ve not been 
found in evaporated films. I ) 
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Fig. 1 Relative reflectivity spectra of 
CdCl2 and CdBr2 for E..L c measured at liq-
uid helium tempera ture·. 
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The high lying structures of Fig. 1 are somewhat more complicated. 
The four very sharp lines observed in CdBr2 at 7.165 eV, 7.405 eV, 7.555 
eV and 7.910 eV suggest a strong local character of the exc1ton states 
in spite of their high energy positions some 3 eV above the optical ga~ 
In CdC12 , two prominent peaks are observed at 8.49 eV am 9.015 eV. The 
broad band appearing around 9.7 eV in CdC12 has some analogy with the 
peak appearing around 8.7 eV 1n CdBr2. 
Since no energy band calculation 1s available for cadmium halides, 
it is difficult to relate the structures of the spectra shown in Fig.l 
to transitions occuring at particular critical points in the Brillouin 
zone. The observed halogen double'ts show the splitting energies COl1\.";;". 
parable with those of halogen atoms, so that a halogen ion excitation 
model is effective to interpret the low lying spectral structures. A 
ground state of the halogen ion has a p6 outermost e·lectronic config-
uration and the lowest excited state will b~ p5 S • Any halogen ion in 
a crystal is situated ---1n the strong electric field of C 3V symmetry with 
a trigonal axis parallel to the crystallographi~ c axis~ Owingto this 
crystal field, a p5 hole state will split into the one-dimensional Y1 
state of pz-like character and the two-dimensional Y3 of px,y-like char-
acters with the Y 1 level lying below Y3' if there is no spin-orbit inter-
action. When the spin-orbit interaction of the hole is taken into ac-
count, the Y
3 
splits into a two-dimensional Y4 state and two one-dimen-
sional Y 5 and Y 6 (j = 3/2) which are degenerate by time reversal symmetry, 
with the YS 'Y6 level lying below Y4 , and the Y1 goes into a Y4 • More-
over the Pz and P -l.ike wave functions are hybridized by tre spin-orbit x,l} , 
interaction, so that the low and high lying Y4 states have a small fraction 
of Px, y and pz-like characters in addition to a large fraction of Pz and 
PX,y-like characters respectively, while Ys 'Y6 are pure px,y-like. Thus 
the optical transitions from the p6 ground state to the high and lowly-
ing Y4 s excited states, where Y4 and s stand for the hole state and the 
state of an excited s electron respectively, are allowed for bothdirec-
tions of the polarizations of the light E parallel (E 1/ e) and perpendic-
ular (E..L e) to the e axis. But the probabilities of the transitions p6 
~'lower'Y4s and p 6--+'higher'Y 4 s will be very small for E..Le and Ell e 
respectively, if the spin-orbit interaction of the hole is weak. On ·the 
other hand p6~ Cy 5' Y 6) s is allowed only for Eo'.L e. It is concluded 
therefore that X I and X2 of Fig. I which have been obtained for E oJ. e 
are attributed to the optical transitions p6~ (Ys,y 6 )s a~d p6---7>'higher' 
Y4s respectively, while X to p6~'lower'Y4s which would be forbidden ( 
for E.L c) if there were ho spin-orbit interaction of the hole. 
Because of fairly strong spin-orbit interaction in CdBr2 compared 
with that in CdCI 2 , the structure X for CdBr2 exhibiting a small peak is 
more pronounced than that for CdCl2 which appears only as a shoulder. It 
is shown through the Krarners-Kronig analysis of the spectra that the sum 
of the oscillator strengths for X and X2 is nearly equal to the oscilla-
tor strengh for Xlin either case of these compounds. This gives a 
further support to our assignment. The crystal-field splittings be-
tween theYI and Ys levels of the pS hole or the splitting energies of 
the p electrons due to crystal field are roughly estimated to be 0.45 eV 
for CdC12 and 0.3 eV for CdBr2 from the values of the peak energies for 
X, Xl and X2 • 
It is to be noted that measurements of the reflection spectra of the 
mixed system CdCI2 -CdBr2 , which will be reported as a separate article, 
show that X2 and X behave as amalgamation type, while Xl persistent type. 
This suggests that contribution of the crystal field to the optical 
transitions responsible for the low lying spectral structures of the 
mixed system are very important. 
Investigations of the reflection spectra for EUe which are in pro-
gress will be also reported. 
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